Tropical and subtropical regions can be particularly severely affected by flooding. Climate change is expected to lead to more intense precipitation in many regions of the world, increasing the frequency and magnitude of flood events. This paper presents a review of studies assessing the impacts of climate change on riverine flooding in the world's tropical and subtropical regions. A systematic quantitative approach was used to evaluate the literature. The majority of studies reported increases in flooding under climate change, with the most consistent increases predicted for South Asia, South East Asia, and the western Amazon. Results were more varied for Latin America and Africa where there was a notable paucity of studies. Our review points to the need for further studies in these regions as well as in Australia, in small to mid-sized catchments, and in rapidly urbanising catchments in the developing world. Adoption of non-stationary flood analysis techniques and improved site-specific socio-economic and environmental model scenarios were identified as important future directions for research. Data accessibility and mitigation of model uncertainty were recognised as the principal issues faced by researchers investigating the impacts of climate change on tropical and subtropical rivers. This is an Open Access article distributed under the terms of the Creative Commons Attribution Licence (CC BY 4.0), which permits copying, adaptation and redistribution, provided the original work is properly cited
INTRODUCTION
Floods are one of the most costly and widespread climaterelated natural hazards ( Jonkman ) . Between 1980 and 2009, it was estimated that floods led to the death of 539,000 people and adversely affected the lives of 2.8 billion people (Doocy et al. ) , totalling US$654 billion worth of damage (adjusted for inflation) worldwide (Munich Re ).
Tropical and subtropical regions are often subjected to some of the worst flooding and this may be exacerbated under climate change. The United Nations International Strategy for Disaster Risk Reduction () reports that the 10 countries most prone to flooding are all located in tropical South and South East Asia, with countries in South America and Africa also widely affected. As there are a number of developing countries in the tropics and subtropics, the effects of flooding may be exacerbated due to poor infrastructure and health care. In Bangladesh, for example, water-borne diseases are responsible for a greater number of floodrelated deaths than drownings (Jha et al. ) .
The intensity of extreme precipitation events is predicted to increase throughout most parts of the world under climate change (Groisman et al. ) , potentially leading to an increase in the magnitude of extreme flows. Despite a wide consensus of increased precipitation extremes under rising temperatures, several studies have suggested that this has not led to an increase in flooding, except in small catchments where flashy flows dominate (Wasko & Sharma ; Sharma et al. ) . However, trend analysis of extreme flooding events exceeding 100-year levels has shown a significant increase towards the second half of the twentieth century (Milly et al. ) , while analysis of less extreme events has generally indicated a decreasing trend, particularly for large catchments (Do et al. ) . Modelling on a global scale suggests that the increasing trend of the most extreme floods may continue into the future (Hirabayashi et al. ) . Changes in the magnitude of these extreme flooding events will have major implications for landholders, flood mitigation strategies, and infrastructure design. Quantifying these effects allows engineers and managers to consider changes to urban and infrastructure design standards based on a range of possible future eventualities and scenarios.
A large number of studies have been conducted using climate change projections to quantify the effects on riverine flooding. These studies typically follow a model chain outlined by Xu et al. () consisting of the following, global circulation model outputs, global climate model (GCM) downscaling and bias correction methodologies, and hydrological model applications. Selection of the most appropriate models and techniques for a given catchment can be challenging, as catchment size, topography, location, and climatic conditions must all be taken into account. Changes to sea levels and anthropogenic activities (land-use changes, urbanisation, water demand, and flood mitigation/control structures) may also be considered, adding further complexity to models.
Each step in the modelling process involves assumptions, which inevitably cause some degree of error, and is compounded with each successive modelling step (Praskievicz & Chang ) . The mitigation and quantification of this model uncertainty is a major consideration in impact studies. (Miller & Hutchins ) but are lacking elsewhere. This paper aims to critically evaluate the current literature in the tropical and subtropical regions of the world and examine the factors that are unique to these climates. For this purpose, a systematic quantitative literature approach has been adopted (Pickering & Byrne ) , whereby articles have been coded into a customised database to quantitatively assess the literature. This is the first review of its kind conducted in tropical and subtropical regions and the first to adopt a quantitative approach.
To maintain a comparable standard of literature, 'grey' literature, including reports, conference papers, unpublished articles, theses, and book sections have been excluded from this review, rather only English language peer-reviewed journal articles have been considered. Scopus and Web of Science were searched using a defined set of search terms. The inclusion criteria specified that articles must consider climate change scenarios, the use of hydrological modelling, and analysis of extreme river flows in either tropical or subtropical regions. A total of 134 peer-reviewed journal articles were included in this review from an initial evaluation of 4,711 ( Figure 1 ). The multitude of papers included in this review allows for a more comprehensive analysis of the literature than that found in other similar reviews. A critical evaluation of the following aspects of the literature has been included, (i) the geographic distribution of studies, (ii) the chosen methodologies in terms of downscaling, bias correction, hydrological model choice, and analysis, (iii) the key findings of the literature and, (iv) the implications of these findings and future directions for research.
DISTRIBUTION OF THE LITERATURE
An updated version of the Köppen Climate Classification (Peel et al. ) was used as the basis to delineate subtropical and tropical catchments ( Figure 2 ). When river basins covered numerous climate zones, only when the majority of the catchment was within tropical or subtropical climates was it considered in this review. As such, studies on the lower Mississippi River were excluded, while those on the lower Yangtze were included. The literature was approximately evenly split between tropical and subtropical catchments, covering 5 continents and 37 countries. Most of the research (59%) was published on Asian river basins, with the remainder published in Africa (13%), the Americas (12%), and on a global scale (16%). Figure 3 presents the number of studies included in this review on a per-country basis, excluding those studies conducted on a global scale. Table S1 in the supplementary materials presents a detailed summary of the studies conducted in East Asia, Table S2 in the supplementary materials for those in South East Asia, Table S3 in the supplementary materials for South Asia, Table S4 in the supplementary materials for Africa, Table S5 in the supplementary materials for the Americas, and Table S6 in the supplementary materials for those studies conducted on a global scale. A full list of acronyms used in these tables can also be found in the supplementary materials.
It is evident from Figure 4 that there has been considerably more research published on Chinese, South Asian, and South East Asian rivers compared with other regions in the tropics/ subtropics. The literature is also skewed towards studies of major river basins. Six major rivers including the Amazon, Niger, Ganges, Brahmaputra, Mekong, and Pearl River, are the focus of approximately 26% of all studies reviewed, each having an area greater than 450,000 km 2 . Most of the literature has been conducted on similarly large river basins, while just under 4% of the literature was published on river basins less than 1,000 km 2 in area ( Figure 4 ). This suggests that there is a need for further studies on smaller river basins as the flood-producing mechanisms are inherently different. Furthermore, studies are also required on heavily urbanising catchments in developing regions of the tropics and subtropics as they may be disproportionately affected by future flooding. For the catchment size plot, <10,000 is the range between 1,000 and 10,000 km 2 , <100,000 is the range between 10,000 and 100,000 km 2 , and <1,000,000 is the range between 100,000 and 1,000,000 km 2 .
There is a marked shortage of literature focussing on parts of the Americas, Africa, and Australia. While the exclusion of non-English language journals in this review likely omitted a number of studies from Latin America and Africa, there is already low research output in these regions due to the difficulty of funding research.
No studies were retrieved from Central America or the Caribbean, despite several studies being conducted in South America. This may relate to the small size of river basins in Central America and the Caribbean, as small river basins have been shown to receive considerably less research attention than larger basins ( Figure 4 ).
This assertation would seem to be supported in South
America, as five of the six studies included in this review focussed on the Amazon River or its tributaries, while just one study was conducted elsewhere on the continent. In Africa, there has been a similar disproportionate focus towards the Niger River, though the literature is overall much more evenly distributed across the conti- There is a clear need for further tropical and subtropical river basin research to be conducted throughout Australia, Latin America, and Africa.
RESEARCH METHODOLOGIES ADOPTED IN THE LITERATURE

Climate models
The selection of GCMs, Regional Climate Models (RCMs), Approximately 71% of the studies adopted an ensemble approach in which two or more climate models were employed to provide multiple projections as has been widely rec- reported in their global study that the global hydrological models contributed more to uncertainty in streamflow changes than the GCMs. They therefore recommended that future studies adopt an ensemble of hydrological models in addition to an ensemble of GCMs.
Consideration of dams
Many studies in this review were carried out on sizeable river basins regulated by many large dams and reservoirs. The Mekong Basin has seen major dam developments over recent years for hydropower and irrigation purposes, with many more in the planning phase. When all planned dams are complete, the active storage capacity is expected to increase to 100 km 3 from the 5 km 3 initially available in 
Data accessibility
A subset of the literature discussed difficulties in obtaining high-quality observational data for model setup, calibration, and validation. Obtaining suitable resolution in datasets for digital elevation models, land use, and bathymetry can be challenging in these regions, particularly for the analysis of small river systems. In parts of Africa, Asia, and the Americas, there is often a lack of climate observations at a sufficiently high spatial and temporal resolution to be effectively used for hydrological modelling and bias correction historical flood frequency analysis is less accurate with limited historical streamflow records. A lack of cross-border cooperation in transboundary catchments and delays between data collection and data availability in some countries further limit data accessibility (Artan et al. ) . There is evidently a need to improve data accessibility and for continual improvements to be made to reanalysed datasets. The development of remote sensing technology may help to improve access to quality meteorological data in remote and poorly gauged regions, which would be beneficial to modellers.
Flood analysis techniques
Several techniques were adopted in the literature for the analysis of riverine flooding, of which, flood frequency analysis was the most commonly applied, being used in 53% of the studies. This involved comparisons between historical and future projected flood magnitudes for specified return periods. Of the studies using flood frequency analysis, 90% 
Global studies
In addition to the studies completed on catchment, regional, and national scales, several global studies have been conducted. Arora & Boer () 
IMPLICATIONS AND FUTURE DIRECTIONS Implications
In order for research undertaken by the scientific community to be relevant to engineers and decision makers, it is essential that uncertainty is estimated and mitigated (Andersson et al. 
